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(54) COMPOSITE VANE

(67)  Acomposite vane body 11 formed of a compos-
ite material of a thermosetting resin or a thermoplastic
resin, and reinforced fibers, and a metal sheath 12 that
is bonded to aleading edge section 11A of the composite
vane body 11 via a soft adhesive 13 to cover the leading
edge section 11A are included, and an adhesive filling
section 11a in which the soft adhesive 13 is filled, a plu-
rality of leading edge side contact sections 11b that come
into contact with a curved section 12b corresponding to
a leading edge of the metal sheath 12, and a plurality of
protrusions 11c that come into contact with a planar sec-
tion 12c corresponding to a vane surface of the metal
sheath 12, with at least a same height as a thickness of
a layer of a requisite amount of the soft adhesive 13 filled
in the adhesive filling section 11a are formed in the lead-
ing edge section 11A of the composite vane body 11.
Attachment of the metal sheath to the leading edge sec-
tion can be performed easily with high precision.
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Description
Technical Field

[0001] The present invention relates to a composite
vane that is used as a stator vane that composes a tur-
bofan engine, for example.

Background Art

[0002] A turbofan engine as described above is con-
ventionally equipped with rotor blades that introduce air
into an engine body, and guide vanes that are stator
vanes straightening a flow of the air which is introduced
by the rotor blades.

[0003] Inordertomeetrequirements forincreasing by-
pass ratio with an objective of improving fuel efficiency
of a turbofan engine of recent years, fan diameter is tend
to be enlarged. Accordingly, it becomes urgent to reduce
the weight of the turbofan engine.

[0004] The weight of the guide vane which is a stator
vane straightening the flow of air, is reduced by making
it a composite vane consisting of a composite material
of a thermosetting resin such as epoxy resin and rein-
forced fibers such as carbon fibers , for example. In the
case of the guide vane consisting of a composite material
like this, the wear resistance is lower as compared with
a metallic guide vane. Therefore, abrasion is avoided by
bonding a metal sheath for preventing erosion to a lead-
ing edge section (a leading edge and a vicinity of the
leading edge) which is especially easily worn, by an ad-
hesive (refer to Patent Documents 1 and 2, for example).
[0005] Such metallic sheath for preventing erosion
sometimes suffers so-called FOD (Foreign Object Dam-
age), in which the metal sheath is damaged by collisions
with foreign objects such as small stones which are
sucked into the engine. In order to suppress damages to
the metal sheath at the time of collision with foreign ob-
jects, and to make the adhesive be easily peeled off at
a time of replacement of the metal sheath which suffers
the FOD, the metal sheath is bonded using a soft adhe-
sive as the adhesive (refer to Patent Document 3, for
example).

[0006] When the metal sheath is bonded to the leading
edge section using the softadhesive as described above,
it is required to keep the thickness of the layer of the soft
adhesive uniform at the time of applying the soft adhe-
sive. As the art of making the thickness of the soft adhe-
sive uniform, there is known a method , in which studs
with the same height as the thickness of the soft adhesive
are formed on the surface, on which the soft adhesive is
applied(refer to Patent Document 4, for example).

Prior Art Documents
Patent Documents

[0007]
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Patent Document 1: Japanese Patent Laid-Open
No. 2009-024695

Patent Document 2: Japanese Patent Laid-Open
No. 2009-068493

Patent Document 3: Japanese Patent Laid-Open
No. 2001-041002

Patent Document 4: Japanese Patent Laid-Open
No. 01-076799

Summary of the Invention
Problems to be Solved by the Invention

[0008] Asdescribed above, if the soft adhesive is used
in bonding the metal sheath to the leading edge section,
a damage which the metal sheath suffers when foreign
objects such as small stones hit the metal sheath can be
suppressed to be small, and facilitation of replacement
work of the metal sheath can be realized.

[0009] However, when the metal sheath is bonded to
the leading edge section using the soft adhesive, it is
difficult to perform positioning of the metal sheath to the
leading edge section while keeping the thickness of the
layer of the soft adhesive uniform at the time of applying
the softadhesive. Therefore, thereis a problem thatmuch
time and effort are taken to attach the metal sheath to
the leading edge section with high precision, and to solve
this problem is a challenge in the prior art.

[0010] The present invention has been made in view
of the conventional problem described above, and has
an object to provide a composite vane in which attach-
ment of a metal sheath to a leading edge section can be
performed easily with high precision.

Means for Solving the Problems

[0011] The present invention is a composite vane in-
cluding a composite vane body formed of a composite
material of a thermosetting resin or a thermoplastic resin,
and reinforced fibers, and a metal sheath that is bonded
to a leading edge section (a leading edge and a vicinity
of the leading edge) of the composite vane body via a
soft adhesive to cover the leading edge section, wherein
an adhesive filling section in which the soft adhesive is
filled, a leading edge side contact section that comes into
contact with a curved section corresponding to a leading
edge of the metal sheath, and a plurality of vane surface
side contact sections that come into contact with a planar
section corresponding to a vane surface of the metal
sheath, with at least a same height as a thickness of a
layer of a requisite amount of the soft adhesive filled in
the adhesivefilling section are formed in the leading edge
section of the composite vane body.

[0012] Inthe composite vane according to the present
invention, in a production process of the composite vane,
in a case where the metal sheath is bonded to the leading
edge section of the composite vane body via the soft
adhesive, after a requisite amount of the soft adhesive
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is filled in the adhesive filling section of the leading edge
section, and the soft adhesive is applied on a bond sur-
face of the metal sheath, the metal sheath is fitted onto
the leading edge section of the composite vane body and
is pressed against the leading edge side contact section
and the plurality of vane surface side contact sections.
[0013] At this time, the leading edge side contact sec-
tion comes into contact with the curved section corre-
sponding to the leading edge of the metal sheath, and
the plurality of vane surface side contact sections come
into contact with the planar section corresponding to the
vane surface of the metal sheath with at least the same
height as the thickness of the layer of the requisite
amount of the soft adhesive which is filled in the adhesive
filling section. That is, the metal sheath comes into con-
tact with the layer of the soft adhesive uniformly in the
state where positioning is performed, and therefore, at-
tachment of the metal sheath to the leading edge section
is performed easily with high precision.

Advantageous Effects of the Invention

[0014] In the present invention, there is provided very
excellent effects that damages to the metal sheath at the
time of collision with foreign objects such as small stones
is suppressed to be small, facilitation of replacing work
of the metal sheath is realized, and in addition, attach-
ment of the metal sheath to the leading edge section can
be performed easily with high precision.

Brief Description of the Drawings
[0015]

FIG. 1 is a schematic sectional explanatory view of
a turbofan engine that adopts a composite vane ac-
cording to one embodiment of the present invention
as a guide vane.

FIG. 2 is an exploded perspective explanatory view
of the guide vane in FIG. 1.

FIG. 3 is an enlarged perspective explanatory view
in an end portion of the guide vane in FIG. 2.

FIG. 4A is a partial sectional explanatory view at a
position along a line A-Ain FIG. 3.

FIG. 4B is a partial sectional explanatory view at a
position along a line B-B in FIG. 3.

FIG. 5A is a partial sectional explanatory view of a
vane surface side contact section at a position along
aline C-Cin FIG. 3.

FIG. 5B is a partial sectional explanatory view at a
position corresponding to the line C-C in FIG. 3 show-
ing another configuration example of the vane sur-
face side contact section.

FIG. 5C is a partial sectional explanatory view at a
position corresponding to the line C-C in FIG. 3 show-
ing still another configuration example of the vane
surface side contact section.
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Mode for Carrying out the Invention

[0016] Hereinafter, the present invention will be de-
scribed based on the drawings.

[0017] FIGs. 1 to 5A show one embodiment of a com-
posite vane according to the present invention, and in
the embodiment, a case where the composite vane ac-
cording to the present invention is a guide vane as a
stator vane composing a turbofan engine will be de-
scribed by being cited as an example.

[0018] As shownin FIG. 1, a turbofan engine 1 is con-
figured to feed air that is taken in from an air intake 2 at
a front part (a left part in the drawing) to a compressor 5
in an engine internal cylinder 4 with a fan 3 having a
plurality of fan blades 3a, to inject fuel into the air which
is compressed by the compressor 5 to cause the fuel to
combustin a combustion chamber 6, and to rotate a high-
pressure turbine 7 and a low-pressure turbine 8 about
an axis CL by expansion of high-temperature gas that is
generated by the combustion.

[0019] In the turbofan engine 1, it is configured that
guide vanes 10 as a plurality of stator vanes are placed
in a bypass channel between an inner periphery of a na-
celle 9 that covers the plurality of fan blades 3a of the
fan 3 and an outer periphery of the engine internal cylin-
der 4, and these guide vanes 10 are placed equidistantly
around the engine internal cylinder 4 so as to straighten
a swirling air flow that flows through the bypass channel.
[0020] As showninFIG. 2, the guide vane 10 compris-
es a composite vane body 11 formed of a composite ma-
terial, and a metal sheath 12 that covers a leading edge
section (aleading edge and a vicinity of the leading edge)
11A of the composite vane body 11.

[0021] The composite vane body 11 is formed by being
laminated in a vane thickness direction or three-dimen-
sionally woven, for example, with a composite material
of a thermosetting resin such as epoxy resin, phenol res-
in, or polyimide resin, or a thermoplastic resin such as
polyether imide, polyether ether ketone, or polyphe-
nylene sulfide, and reinforced fibers such as carbon fib-
ers, aramid fibers or glass fibers.

[0022] Meanwhile, the metal sheath 12 is formed of a
thin sheet made of a titanium alloy with a thickness of
approximately 0.2 mm.

[0023] Inthe leading edge section 11A of the compos-
ite vane body 11, an adhesive filling section 11ain which
the soft adhesive 13 is filled is formed as is also shown
inFIG. 3, and the metal sheath 12is bonded to the leading
edge section 11A of the composite vane body 11 by the
soft adhesive 13.

[0024] In this case, as is also shown in FIG. 4A, FIG.
4B and FIG. 5A, in the leading edge section 11A of the
composite vane body 11, a leading edge side contact
section 11b that comes into contact with a curved section
12b corresponding to a leading edge of the metal sheath
12, and a plurality of protrusions 11c as vane surface
side contact sections that come into contact with a planar
section 12c corresponding to a vane surface of the metal
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sheath 12 are formed integrally with the adhesive filling
section 11a.

[0025] Each of the plurality of protrusions 11c¢ has at
least a same height as a thickness (approximately 0.2
mm) of a layer of a requisite amount of the soft adhesive
13 which is filled in the adhesive filling section 11a, and
therefore the leading edge side contact section 11b and
the plurality of protrusions 11c function as positioners to
the leading edge section 11A of the composite vane body
11.

[0026] The leading edge side contact sections 11b are
placed at a plurality of positions in a vane width direction
(a vertical direction in FIG. 3), and a space between the
leading edge side contact sections 11b and 11b which
are adjacentto each otheris formed as an adhesive sump
11d which composes a part of the adhesive filling section
11a. A distance between the leading edge side contact
sections 11b and 11b which are adjacent with the adhe-
sive sump 11d therebetween is set at 50 to 100 mm.
[0027] Meanwhile, each of the plurality of protrusions
11c as the vane surface side contact sections forms a
truncated cone shape with a diameter of approximately
5mm, and at each of a plurality of positions (FIG. 3 shows
only two positions) in the vane width direction, three pro-
trusions 11c are placed in a straight line in a vane chord
direction (a diagonally lateral direction in FIG. 3) in the
embodiment, and a distance in the vane width direction
between rows of the plurality of protrusions 11c is set at
10 to 50 mm.

[0028] Inthe guide vane 10, a reduction rate of a bond-
ed area to the metal sheath 12 by providing the plurality
of leading edge side contact sections 11b and the plurality
of protrusions 11c is controlled within 5% of a total area
of the adhesive filling section 11a.

[0029] In the guide vane 10 according to the embodi-
ment, in a production process thereof, in a case of bond-
ing the metal sheath 12 to the leading edge section 11A
of the composite vane body 11 via the soft adhesive 13,
after at least a requisite amount of the soft adhesive 13
is filled in the adhesive filling section 11a of the leading
edge section 11A, and the soft adhesive 13 is applied on
a bond surface of the metal sheath 12, the metal sheath
12 is fitted onto the leading edge section 11A of the com-
posite vane body 11 and is pressed against the plurality
of leading edge side contact sections 11b and the plurality
of protrusions 11c.

[0030] At this time, the plurality of leading edge side
contact sections 11b come into contact with the curved
section 12b of the metal sheath 12, and the plurality of
protrusions 11c come into contact with the planar section
12c¢ of the metal sheath 12 with at least the same height
as the thickness of the layer of a requisite amount of the
soft adhesive 13 which is filled in the adhesive filling sec-
tion 11a, that is, the metal sheath 12 contacts the layer
of the soft adhesive 13 uniformly in a state where posi-
tioning is performed. Therefore, attachment of the metal
sheath 12 to the leading edge section 11A is performed
easily with high precision.
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[0031] By the soft adhesive 13 which is squeezed out
by pressing the metal sheath 12 against the composite
vane body 11, the composite vane body 11 and the metal
sheath 12 which is attached with high precision are con-
nected to be flush with each other, and a vane sectional
shape is ensured.

[0032] In the guide vane 10 according to the embodi-
ment, the leading edge side contact sections 11b are
placed at the plurality of positions in the vane width di-
rection, and the space between the adjacent leading
edge side contact sections 11b and 11b is formed as the
adhesive sump 11b which composes a part of the adhe-
sive filling section 11a. Therefore, the curved section 12b
of the metal sheath 12 is bonded to the leading edge
section 11A of the composite vane body 11 more firmly.
[0033] Further, since in the guide vane 10 according
to the embodiment, the adhesive filling section 11a, the
leading edge side contact sections 11b and the plurality
of protrusions 11c are formed integrally in the leading
edge section 11A of the composite vane body 11, the
leading edge side contact sections 11b and the plurality
of protrusions 11¢ do not have to be provided separately,
and the production cost is reduced correspondingly.
[0034] In the above described embodiment, the case
where the vane surface side contact sections are protru-
sions 11c each forming the truncated cone shape is
shown, but the vane surface side contact sections are
not limited thereto, and as shown in FIG. 5B, the vane
surface side contact sections may be protrusions 11e
each forming a triangle in section, or the vane surface
side contact section may be a protrusion 11f forming a
trapezoidal shape in section as shown in FIG. 5C.
[0035] Further, in the above described embodiment,
three of the protrusions 11c (the vane surface side con-
tact sections) each forming the truncated cone shape
with a diameter of approximately 5 mm are placed side
by side in the straight line shape in the vane chord direc-
tion at each of the plurality of positions in the vane width
direction, but the present invention is not limited thereto,
and as another constitution, the plurality of protrusions
11c may be placed in a zigzag fashion over the vane
width direction, for example.

[0036] Further, in the above described embodiment,
the case where the composite vane according to the
presentinvention is the guide vane 10 as the stator vane
that constitutes the turbofan engine 1 is described, but
the present invention is not limited thereto, and the
present invention can be also adopted in a rotor blade
and a tail rotor blade of a rotorcraft, besides being able
to be adopted in the fan blade of a turbofan engine, for
example.

[0037] The constitution of the composite vane accord-
ing to the present invention is not limited to the above
described embodiment.

[0038] A first aspect of the present invention is a com-
posite vane including a composite vane body formed of
a composite material of a thermosetting resin or a ther-
moplastic resin, and reinforced fibers, and a metal sheath
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that is bonded to a leading edge section (a leading edge
and a vicinity of the leading edge) of the composite vane
body via a soft adhesive to cover the leading edge sec-
tion, wherein an adhesive filling section in which the soft
adhesive is filled, a leading edge side contact section
that comes into contact with a curved section correspond-
ing to a leading edge of the metal sheath, and a plurality
of vane surface side contact sections that come into con-
tact with a planar section corresponding to a vane surface
of the metal sheath, with at least a same height as a
thickness of a layer of a requisite amount of the soft ad-
hesive filled in the adhesive filling section are formed in
the leading edge section of the composite vane body.
[0039] In a production process of the composite vane
according to the present invention, in a case where the
metal sheath is bonded to the leading edge section of
the composite vane body via the soft adhesive, after a
requisite amount of the soft adhesive is filled in the ad-
hesive filling section of the leading edge section, and the
soft adhesive is applied to a bond surface of the metal
sheath, the metal sheath is fitted onto and pressed
against the leading edge section of the composite vane
body, whereby the leading edge side contact section
comes into contact with the curved section of the metal
sheath, and the plurality of vane surface side contact
sections come into contact with the planar section of the
metal sheath with at least the same height as the thick-
ness of the layer of the requisite amount of the soft ad-
hesive which is filled in the adhesive filling section. That
is, the metal sheath comes into contact with the layer of
the soft adhesive uniformly in the state where positioning
is performed, and therefore, attachment of the metal
sheath to the leading edge section is performed easily
with high precision.

[0040] The first aspect of the present invention brings
about very excellent effects that damages to the metal
sheath at the time of collision with foreign objects such
as small stones is suppressed to be small, facilitation of
replacement work of the metal sheath is realized, and in
addition, attachment of the metal sheath to the leading
edge section can be performed easily with high precision.
[0041] Inasecond aspect of the presentinvention, the
leading edge side contact sections are placed in a plu-
rality of positions in a vane width direction, and a space
between the leading edge side contact sections adjacent
to each other is formed as an adhesive sump that con-
stitutes a part of the adhesive filling section.

[0042] According to the second aspect of the present
invention, the curved section of the metal sheath can be
bonded to the leading edge section of the composite vane
body more firmly.

[0043] In a third aspect of the present invention, the
adhesive filling section, the leading edge side contact
sections and the vane surface side contact sections are
formed integrally in the leading edge section of the com-
posite vane body.

[0044] According to the third aspect of the present in-
vention, the leading edge side contact sections and the
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vane surface side contact sections do not have to be
provided separately, and production cost is reduced cor-
respondingly.

[0045] Inthe composite vane according to the present
invention, for the thermosetting resin for composing the
composite vane body, epoxy resin, phenolresin and poly-
imide resin can be used, for example, and for the ther-
moplastic resin that composes the composite vane body,
polyether imide, polyether ether ketone, and polyphe-
nylene sulfide can be used, for example. For the rein-
forced fibers that compose the composite vane body, car-
bon fibers, aramid fibers and glass fibers can be used,
for example, and the composite vane body is formed of
the composite material composed of these materials be-
ing laminated in the vane thickness direction, or being
three-dimensionally woven, for example.

[0046] Meanwhile, for the metal sheath which is bond-
ed to the leading edge section of the composite vane
body, a titanium alloy can be used.

[0047] Further, in the composite vane according to the
presentinvention, as the soft adhesive, an adhesive hav-
ing such a property that adhesive strength does not re-
duce between the materials having different coefficients
of thermal expansion, such as a soft polyvinyl chloride
adhesive and polyethylene terephthalate adhesive can
be used, and a so-called elastic adhesive having the
property of a rubber such as polyurethane and silicone
can be also adopted.

[0048] Further, in the composite vane according to the
present invention, as the vane surface side contact sec-
tion that comes into contact with the planar section cor-
responding to the vane surface of the metal sheath, a
protrusion forming a semispherical shape with a diameter
of approximately 5 mm, a protrusion forming a triangle
in section with approximately the same size as this, a
protrusion forming a truncated cone shape can be adopt-
ed, and the vane surface side contact section is not lim-
ited to any one of them.

[0049] Here, when the leading edge side contact sec-
tions are placed in a plurality of positions in the vane
width direction, the distance between the leading edge
side contact sections which are adjacent to each other
with the adhesive sump therebetween is desirably set at
50 to 100 mm.

[0050] Meanwhile, when the plurality of vane surface
side contact sections are protrusions forming semispher-
ical shapes, for example, a plurality of protrusions can
be placed side by side in a straight line shape in the vane
chord direction in each of a plurality of positions in the
vane width direction, or a plurality of protrusions can be
placed in a zigzag fashion over the vane width direction,
and when a plurality of protrusions are placed side by
side in the vane chord direction in each of a plurality of
positions in the vane width direction, the distance in the
vane width direction between the rows of the protrusions
is desirably set at 10 to 50 mm.

[0051] Inthe composite vane according to the present
invention, the reduction rate of the bond area to the metal
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sheath by providing the leading edge side contact sec-
tions and the plurality of vane surface side contact sec-
tions is desirably controlled within 5% of the total area of
the adhesive filling section.

5
Explanation of Reference Signs
[0052]
10 Guide vane (composite vane) 10

11 Composite vane body

11A Leading edge section

11a Adhesive filling section

11b Leading edge side contact section

11c, 11e, 11f Protrusion (vane surface side contact 715
section)

11d Adhesive sump (adhesive filling section)

12 Metal sheath

12b Curved section

12c Planar section 20
13 Soft adhesive

Claims
25
1. A composite vane comprising

a composite vane body formed of a composite ma-
terial of a thermosetting resin or a thermoplastic res-
in, and reinforced fibers, and
a metal sheath that is bonded to a leading edge sec- 30
tion of the composite vane body via a soft adhesive
to cover the leading edge section,
wherein an adhesive filling section in which the soft
adhesive isfilled, a leading edge side contact section
that comes into contact with a curved section corre- 35
sponding to a leading edge of the metal sheath, and
a plurality of vane surface side contact sections that
come into contact with a planar section correspond-
ing to a vane surface of the metal sheath, with at
least a same height as a thickness of a layer of a 40
requisite amount of the soft adhesive filled in the ad-
hesive filling section are formed in the leading edge
section of the composite vane body.

2. The composite vane according to claim 1, 45
wherein the leading edge side contact sections are
placed in a plurality of positions in a vane width di-
rection, and a space between the leading edge side
contact sections adjacent to each other is formed as
an adhesive sump that constitutes a part of the ad- 50
hesive filling section.

3. The composite vane according to claim 1 or 2,
wherein the adhesive filling section, the leading edge
side contact sections and the vane surface side con- 55
tact sections are formed integrally in the leading
edge section of the composite vane body.



EP 3 037 675 A1

- o e

e e e e

[ "OId

0

I




EP 3 037 675 A1




EP 3 037 675 A1

FIG. 3

12

12b /

4 T
- oefie
L= -

11d—

11b—

12¢



EP 3 037 675 A1

1A

11A

10



EP 3 037 675 A1

FIG. A

10

12¢ 12 &
13 1lc  11a 11c ! 11c
(.. .. } ( ! . !
) \ ! 3

1"



10

15

20

25

30

35

40

45

50

55

EP 3 037

INTERNATIONAL SEARCH REPORT

675 A1

International application No.

PCT/JP2014/065908

A.  CLASSIFICATION OF SUBJECT MATTER
F04D29/54(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F04D29/54

Minimum documentation searched (classification system followed by classification symbols)

1922-1996
1971-2014

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2014
1994-2014

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A JP 4887069 B2 (Snecma),

29 February 2012 (29.02.2012)
entire text; all drawings

& US 2006/0275626 Al & EP
& FR 2884550 Al

A JP 2010-38156 A
18 February 2010 (18.02.2010)
entire text; all drawings

& US 2010/0028160 Al & EP

A JP 8-49559 A
Industries Co., Ltd.),

20 February 1996 (20.02.1996)
entire text; all drawings
(Family: none)

(General Electric Co.),

(Ishikawajima-Harima Heavy

1-3

14

1719699 Al

14

2161457 A2

14

|:| Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E” earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is

combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
03 September, 2014 (03.09.14)

Date of mailing of the international search report
16 September, 2014 (16.09.14)

Name and mailing address of the ISA/
Japanese Patent Office

| Facsimile No

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

12




EP 3 037 675 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 2009024695 A [0007] * JP 2001041002 A [0007]
* JP 2009068493 A [0007]  JP 1076799 A [0007]

13



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

